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Description 

Background of the Invention 

1. Field of the Invention 

[0001] This invention relates generally to thermo-op- 
tical switches, and more particularly to asymmetric ther- 
mo-optical switches that use waveguides arms fabricat- 
ed from materials having different thermo-optical char- 
acteristics. 

2. Technical Background 

[0002] The growth in demand for bandwidth has 
pushed network operators to increase optical network 
capacity by transmitting many high bandwidth channels 
through a single fiber. The signal management of these 
channels would be greatly simplified by using optically 
transparent switches. 

[0003] One approach that has been considered in- 
volves planar integrated switches. Planar integrated 
switches are particularly interesting for several reasons. 
They have a high potential for integration: a plurality of 
functional elements can be implemented in one planar 
device. In addition, they are compact and can be rela- 
tively inexpensive to produce. Several techniques may 
be used to achieve optical commutation in a planar de- 
vice, but one proposal that has been the subject of in- 
tense consideration involves thermo-optical switching. 
This method is particularly advantageous, because it is 
one of the easiest approaches to implement. Thermo- 
optical switches operate by selectively changing the re- 
fractive index of a waveguide material. 
[0004] US-A-5 173 950 discloses a thermo-optic 
switch for switching light from a first waveguide to a sec- 
ond waveguide by changing the temperature of the cou- 
pling region; both waveguides are made of the same 
thermo-optic material. 

[0005] It has been proposed to use polymer materials 
to implement thermo-optic switches. Polymer materials 
are well suited for this application. They are relatively 
easy to handle and can be easily processed to produce 
waveguides. The refractive indexes of polymer materi- 
als exhibit a wide variation in value with respect to tem- 
perature. When a polymer waveguide is heated, the 
large index variations can alter the phase of the signal 
propagating in the waveguide, or alter the guiding prop- 
erties of a waveguide itself. Moreover, the change in the 
refractive index with respect to temperature (dn/dT) is a 
reproducible and reversible effect. Such switches of this 
type are already commercially available. 
[0006] In other approaches, numerous designs have 
been used to make planar switches. These include 
Mach-Zehnder interferometers, directional couplers, Y- 
splitters, and X-splitters. However, one of the main 
drawbacks of these devices concerns the positioning 
and geometry of the heater element 



[0007] If the heater is not positioned accurately, or the 
geometry of the heater is not within proper design toler- 
ances, thermal isolation between the arms of the switch 
will be inadequate, and unacceptable optical cross talk 

5 between output ports will result. 

[0008] Thus, a need exists for a thermo-optic planar 
waveguide switch that eliminates both the need for de- 
signing heating elements that have strict tolerance re- 
quirements, and the expensive and time-consuming 

10 process of accurately positioning the heating elements 
on the planar waveguide switch devices. 

SUMMARY OF THE INVENTION 

15 [0009] Existing problems with conventional thermo- 
optic couplers are solved by the present invention. The 
present invention for an asymmetric thermo-optical 
switch includes a first waveguide and a second 
waveguide fabricated from materials having different 
dn/dT coefficients resulting in superior selectivity and 
low optical cross talk between outputs. Using different 
dn/dT coefficients enhances the strength of the thermo- 
optic effect and eliminates the need for designing heat- 
ing elements that have strict tolerance requirements. 
Furthermore, this feature also eliminates the expensive 
and time-consuming process of accurately positioning 
heating elements on the device. Thus, geometry and po- 
sitioning of the heater does not have to be implemented 
with any particular precision. 

[001 0] In one aspect of the invention, a thermo-optical 
device for switching a light signal is . disclosed. The op- 
tical device includes a substrate having a first side and 
a second side. A first waveguide is disposed on the first 
side. The first waveguide has a core characterized by a 
first refractive index, a middle portion, and a first dn/dT 
coefficient. A second waveguide is disposed on the first 
side adjacent to the first waveguide. The second 
waveguide has a second core characterized by a sec- 
ond refractive index and a second dn/dT coefficient (dif- 
ferent from the first dn/dT coefficient). An index-adjust- 
ing switch element is disposed on the first side. The in- 
dex-adjusting switch element controls the proportion of 
the light signal coupled between the first waveguide and 
the second waveguide by adjusting the first and second 
refractive indexes. 

[0011] In another aspect of the invention, a method 
for thermo-optically switching a light signal through an 
optical device is disclosed. The optical device includes 
a substrate having a first side and a second side. A first 
waveguide is disposed on the first side. The first 
waveguide has a middle portion and a first core charac- 
terized by a first refractive index and a first dn/dT coef- 
ficient. The method for directing a light signal includes 
the steps of providing a second waveguide on the first 
side, wherein said second waveguide has a second core 
characterized by a second refractive index and a second 
dn/dT coefficient (different from said first dn/dT coeffi- 
cient). The method includes the step of switching a pro- 
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portion of the light signal between the first waveguide 
and the second waveguide by thermally adjusting either 
of the first refractive index or the second refractive index. 
[0012] In another aspect of the present invention, a 
method of making a thermo-optical device for switching 
a light signal is disclosed. The method includes the 
steps of forming a substrate, wherein the substrate in- 
cludes a first side and a second side. Forming a first 
waveguide structure on the first side, wherein the first 
waveguide structure has a middle region and a first core 
characterized by a first refractive index and a first dn/dT 
coefficient. Forming a second waveguide structure on 
the first side, wherein the second waveguide structure 
has a core characterized by a second refractive index 
and a second dn/dT coefficient. Disposing an index-ad- 
justing switch element on the switching region for con- 
trolling the temperature thereof. 

[0013] The apparatus of the present invention results 
in a number of advantages over the related art. By using 
materials with different dn/dT coefficients, the strength 
of the thermo-optic effect is significantly increased and 
selectivity is far superior than the related art discussed 
above. These features eliminate the need for designing 
heating elements that have strict tolerance require- 
ments to achieve low optical cross-talk. For the same 
reasons, the present invention also eliminates the ex- 
pensive and time-consuming process of accurately po- 
sitioning the heating elements on planar waveguide 
switch devices. 

[0014] Additional features and advantages of the in- 
vention will be set forth in the dependent claims and the 
detailed description that follows, and in part will be read- 
ily apparent to those skilled in the art from the descrip- 
tion, or recognized by practicing the invention as de- 
scribed in the written description and claims hereof, as 
well as the appended drawings. 

[0015] It is to be understood that both the foregoing 
general description and the following detailed descrip- 
tion are merely exemplary of the invention, and are in- 
tended to provide an overview or framework to under- 
standing the nature and character of the invention as it 
is claimed. 

[0016] The accompanying drawings are included to 
provide a further understanding of the invention, and are 
incorporated in and constitute a part of this specification. 
The drawings illustrate one or more embodiments of the 
invention, and together with the description serve to ex- 
plain the principles and operation of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG. 1 is an exploded view of a first embodiment of 
the present invention, an x-type thermo-optical 
switch; 

FIG. 2 is an exploded view of a second embodiment 
of the present invention, a y-type thermo-optical 



switch; 

FIG. 3 is a block diagram of a possible temperature 
regulation method connected to the switch device 
of present invention; 
5 FIG. 4 is a diagram illustrating the dependence of 
the refractive index of various materials with respect 
to temperature; and 

FIGS. 5A-E are sequential diagrammatic views of 
the optical switch of the present invention in suc- 
w cessive stages of fabrication. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

is [0018] Reference will now be made in detail to the 
present preferred embodiments of the invention, exam- 
ples of which are illustrated in the accompanying draw- 
ings. Wherever possible, the same reference numbers 
will be used through out the drawings to refer to the 
same or like parts. An exemplary embodiment of the 
asymmetric thermo-optical switch of the present inven- 
tion is shown in FIG. 1, and is designated generally 
throughout by reference numeral 10. 
[0019] In accordance with the invention, the present 
invention for an asymmetric thermo-optical switch 10 in- 
cludes a first waveguide 20 and a second waveguide 30 
fabricated from materials having different dn/dT coeffi- 
cients. The present invention uses the first and second 
waveguides 20 and 30 to thermo-optically switch high 
bandwidth light signals in optical networks. The present 
invention provides a relatively simple and inexpensive 
means for managing light signals. It eliminates the need 
for designing heating elements that have strict tolerance 
requirements. Furthermore, the present invention also 
eliminates the expensive and time-consuming process 
of accurately positioning heating elements on thermo- 
optic planar waveguide switch devices. Thus, existing 
problems with conventional thermo-optic couplers are 
solved by the present invention. Selectivity is superior, 
and there is low optical cross talk between outputs be- 
cause the first waveguide 20 and the second waveguide 
30 have different dn/dT coefficients. The geometry and 
positioning of the heater does not have to be implement- 
ed with any particular precision. Preferably the dn/dT 
coefficients have opposite algebraic signs, but function- 
ing switches can be fabricated in which the dn/dT coef- 
ficients have the same sign. 

[0020] As embodied herein and depicted in FIG. 1 , the 
asymmetric 2x2 directional coupler 10 includes a first 
waveguide 20 and a second waveguide 30. The first 
waveguide 20 and second waveguide 30 are made of 
materials having different dn/dT coefficients. A coupling 
region 40 is formed on the substrate between the middle 
portion 24 of the first waveguide 20, and the second 
waveguide 30, as shown in FIG. 1. A refractive index- 
adjusting switch element 50 is disposed on wafer 60 
over the coupling region 40. In one embodiment of the 
present invention, the refractive index-adjusting switch 
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element 50 is a heater element. The heater element is 
implemented using a large heating electrode, which is 
disposed over the coupling region 40 on the first side 
62. Note that in FIG. 1 the overclad layer is not depicted 
for ease of illustration. Thus, the heater 50 is not depos- 
ited directly on the core waveguide. The overclad layer 
is needed to ensure the optical isolation of the mode 
propagating in the waveguide. Otherwise, the metal in 
the heater 50 would absorb the light. An optional cooling 
element 112 can also be added to the switching device 
10. In FIG. 1 the cooling element 112 is positioned on 
the second side 64 of substrate 10. The cooling element 
112 is used to keep the device at a constant tempera- 
ture. It does not necessarily have to be positioned 
against the substrate. Cooling element 112 will be dis- 
cussed in more detail below with respect to FIG. 3. 
[0021] In another embodiment of the present inven- 
tion, the first waveguide 20 is fabricated from silica glass 
and the second waveguide 30 is fabricated from poly- 
mer, hybrid sol-gel, or other organic materials. Silica 
glass has a positive dn/dT coefficient in that its refractive 
index increases when the temperature increases. Poly- 
mer, hybrid sol-gel, or other organic materials generally 
have negative dn/dT coefficients such that their refrac- 
tive indices decrease as temperature increases. One of 
ordinary skill in the art will recognize that any suitable 
waveguide materials can be used to implement the first 
waveguide 20 and second waveguide 30, as long as the 
materials have different dn/dT coefficients. 
[0022] Switch 10 in FIG.1 operates as follows. A light 
signal enters the device at input port 32. Note that if op- 
tional input fiber 26 is used, the device 10 becomes a 2 
x 2 switch. In the coupling region 40, the evanescent 
field of the mode propagating in the second waveguide 
30 enters the first waveguide 20, and optical power is 
thus transferred from one waveguide 20 to the other 
waveguide 30. The proportion of light coupled depends 
on the distance or physical displacement between 
waveguides 20 and 30, the length of the coupling region 
40, and the mode propagation constants of the 
waveguides 20 and 30. When the index-adjusting switch 
element 50 is off, the temperature of the waveguides 20 
and 30 is maintained at a predetermined temperature 
such that maximum coupling occurs. Thus, when the in- 
dex-adjusting switch element 50 is inactive, the light sig- 
nal exits the device 10 at the first output port 22. The 
coupling between the second waveguide 30 and the first 
waveguide 20 is adjusted by activating the index-adjust- 
ing switch element 50. The index-adjusting switch ele- 
ment 50 controls the temperature of the waveguide and 
thus its refractive index due to the operation of the dn/ 
dT coefficient. Coupling is a maximum before heating. 
After the waveguides are heated, the propagation con- 
stants of the modes propagating in the waveguides are 
altered. In the embodiment wherein the first waveguide 
20 is comprised of silica glass and the second 
waveguide 30 is comprised of either polymer, hybrid sol- 
gel, or other organic materials, the refractive index of 



the second waveguide 30 decreases significantly, 
whereas the refractive index of the first waveguide 20 
increases only slightly. As the temperature of the 
waveguides 20, 30 begin to increase and move out of 
5 the predetermined temperature range, the amount of 
light coupled between the first waveguide 20 and the 
second waveguide 30 decreases. Heat must be contin- 
uously applied to commute the power from the first out- 
put 22 to the second output 34. Otherwise, the heat will 
10 dissipate and the switch will revert to its initial state. 
[0023] In an alternate embodiment of the present in- 
vention, as embodied herein and as shown in FIG. 2, an 
exploded view of Y-sptitter digital switch 10 is disclosed. 
First waveguide 20 is disposed on a first side 62 of sub- 
strate 60. A second waveguide 30 is also disposed on 
the first side 62 of substrate 60. The second waveguide 
30 is connected to the first waveguide 20 at a middle 
region 24 of the first waveguide 20, forming an Y-con- 
figuration. The first waveguide 20 and second 
waveguide 30 are made of materials having different dn/ 
dT coefficients. A splitting region 42 is formed at mid- 
point 24, where the first waveguide 20 and the second 
waveguide 30 connect. A refractive index-adjusting 
switch element 50 is disposed on substrate 60 over the 
splitting region 42. In one embodiment, the refractive in- 
dex-adjusting switch element 50 is implemented using 
a heater, such as a large heating electrode. As noted 
above, because the first waveguide 20 and the second 
waveguide 30 have different dn/dT coefficients, the ge- 
ometry and positioning of index-adjusting element 50 
does not have to be implemented with any particular 
precision. Note that in FIG. 2 the overclad layer is not 
depicted. The heater 50 is not deposited directly on the 
core waveguide. The overclad layer is needed to ensure 
the optical isolation of the mode propagating in the 
waveguide. Otherwise, the metal in the heater 50 would 
absorb the light. In another embodiment of the present 
invention, an optional cooling element 112 is positioned 
on the second side 64 of substrate 60. Cooling element 
112 will be discussed in more detail below, in reference 
to FIG. 3. 

[0024] In another embodiment of the present inven- 
tion depicted in FIG. 2, the first waveguide 20 is made 
of silica glass and the second waveguide 30 is fabricat- 
ed from polymer, hybrid sol-gel, or other organic mate- 
rials. Silica glass has a positive dn/dT coefficient in that 
its refractive index increases when the temperature in- 
creases. Polymer, hybrid sol-gel, or other organic ma- 
terials generally have negative dn/dT coefficients such 
that their refractive indices decrease as temperature in- 
creases. One of ordinary skill in the art will recognize 
that any suitable waveguide materials can be used to 
implement the first waveguide 20 and second 
waveguide 30, as long as the materials have different 
dn/dT coefficients. 

[0025] The Y-splitter 1 0 in FIG. 2 operates as follows. 
A light signal enters the device at input port 32. Power 
splitting is asymmetric due to both the geometry and/or 
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the index differences between the first waveguide 20 
and the second waveguide 30. When index-adjusting el- 
ement 50 is off, the temperature of the waveguides 20 
and 30 are in the predetermined ambient temperature 
range and the light signal entering input port 32 is routed 
into second waveguide 30 and the light signal exits 
switch 10 at output port 34. The proportion of light split 
between output port 22 and output port 34 is adjusted 
by changing the refractive index of waveguides 20 and 
30 by activating the refractive index-adjusting switch el- 
ement 50. In the embodiment wherein the first 
waveguide 20 is comprised of silica and the second 
waveguide 30 is comprised of a polymer material, as the 
temperature in the splitting region 42 begins to increase, 
the refractive index of the second waveguide 30 de- 
creases significantly and the refractive index of the first 
waveguide 20 begins to increase slightly. During heat- 
ing, the propagation constants of the modes propagat- 
ing in the two waveguides 20 and 30 cross each other. 
As the temperature rises the propagation constant in 
waveguide 20 becomes higher than the propagation 
constant of waveguide 30, and the light signal will exit 
the device at output port 22. In order to switch the light 
signal back to output port 34, index-adjusting element 
50 is deactivated and the temperature in the coupling 
region 42 is quickly lowered due to the heat dissipation 
characteristics of substrate 66 (see FIG. 3) and the light 
signal again exits output port 34. 
[0026] As embodied herein and depicted in FIG. 3, 
one possible temperature regulation of the optical de- 
vice 10 is described. Packaging 100 is provided to pro- 
tect optical device 10 from the environment. The tem- 
perature controller 110 maintains the temperature of op- 
tical device 10 in the predetermined temperature range 
discussed above. The temperature range the device is 
maintained at is not necessarily room temperature. In 
one embodiment, the nominal temperature is +85° C. 
Substrate 66 behaves as a heat sink. When the index- 
adjusting element 50 is activated, the glass temperature 
at the surface increases. The heat propagates in the 
overclad layer 72 and increases the temperature of 
waveguides 20 and 30. The heat is transmitted through 
the material to the substrate 66. The heat conductivity 
of substrate 66 is so high that the heat is dissipated as 
soon as it reaches the substrate 66. Thus, there is a ther- 
mal gradient between the index-adjusting switch ele- 
ment 50 and the substrate since the substrate 66 is al- 
ways near the predetermined temperature. When the in- 
dex-adjusting element 50 is deactivated, all of the heat 
is dissipated by the substrate 66 and exits the packaging 
100 by thermal conduction. The cooling element 112 is 
optional and it functions to keep the temperature of the 
device 10 constant. The cooling element 112 is activat- 
ed when the external temperature or the heat dissipated 
in the device package rises to an intolerable level. It will 
be noted that the cooling element 112 does not need to 
be positioned against the substrate 66. The cooling el- 
ement 112 is can be implemented using a Peltier ele- 



ment or an equivalent device. One of ordinary skill in the 
art will appreciate that other methods of controlling the 
temperature of device 10 can be used, such as regulat- 
ing the temperature of the entire package 100. 

s [0027] FIG. 4 is a diagram illustrating the dependence 
of the refractive index of various materials with respect 
to temperature. Optical waveguides are usually made 
of silica because of their low losses at the 1 .55um wave- 
length window. The slope of the silica curve 80, dn/dT, 

w is positive and relatively constant over a wide range of 
temperatures. The silica curve 80 does not have a large 
variation of refractive index with respect to temperature. 
Polymer materials, on the other hand, have curves that 
are negatively sloping, e.g., have negative dn/dT val- 

15 ues. Their refractive indexes have a large variation with 
respect to temperature. Polymers with low Tg range 
from -2 to - 4 x 10* 4 °C" 1 above Tg (see curve 86), the 
glass transition temperature, whereas polymers with 
high Tg (curve 82) have a dn/dT value that is typically 

20 from -1 x 10" 4 °C 1 below the glass transition tempera- 
ture Tg. Instead of polymers, organic materials or sol- 
gel hybrid materials may be used to provide the same 
effect. The hybrid sol-gel curve 84 is also shown in FIG. 
3. Both the sol-gel materials and organic materials 

25 present large and negative dn/dT values in the range 
between -2 to -5 x 10" 4 °C" 1 . 

[0028] FIGS. 5A-E are diagrammatic views of the 
present invention showing the optical switch in various 
stages of fabrication. In FIG. 5A, a wafer 60, having a 

30 first side 62 and a second side 64 is formed. The wafer 
60 is formed having a substrate 66, an underclad layer 
68, and core layer 70. Substrate 66 is preferably made 
of silicon or other materials that exhibit similar heat con- 
ductivity to ensure adequate heat dissipation. Substrate 

35 66 is not necessarily made of silicon. As one of ordinary 
skill in the art will recognize, the material used to fabri- 
cate substrate 66 must have good heat conductivity in 
order to function as a heat sink. 
[0029] In FIG. 5B, a first waveguide structure 20 is 

40 formed preferably of a silica glass material. This step is 
typically performed using standard photolithographic 
techniques. However, it will be apparent to those of or- 
dinary skill in the pertinent art that modifications and var- 
iations can be made to the step shown in FIG.5B of the 

45 present invention. For example, UV beam illumination, 
ion implantation, and other suitable techniques may be 
employed to form the waveguide structures 20 and 30. 
[0030] In FIG. 5C a second waveguide structure 30 is 
formed. This step consists of (not shown in FIG. 5C) de- 

50 positing a layer of polymer core material on underclad 
layer 68. After curing, a photoresist layer is deposited 
over the polymer layer. A pattern of the polymer 
waveguide structure is transferred onto the photoresist 
layer by radiating UV light through a mask. Excess pho- 

55 toresist and core material are then removed to form the 
second waveguide structure 30. However, it will be ap- 
parent to those of ordinary skill in the pertinent art that 
modifications and variations can be made to the step 
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shown in FIG.5C of the present invention. For example, 
UV beam illumination, ton diffusion, and other suitable 
techniques may be employed to form the waveguides. 
[0031 ] The invention will be further clarified by the fol- 
lowing examples that are intended to be exemplary of 
the invention. Various types of organic materials are 
used to implement waveguide structures 20 and 30. In 
one embodiment, at least one of the first and second 
waveguide structures 20 and 30 are implemented using 
various polymers and copolymers made from vinylic 
monomers, such as acrylates, methacrylates, acryla- 
mides, styrene, acrylonitrile, or butadiene. Some exam- 
ples of these polymers are PMMA, PS, SAN, TPA, or 
ABS. In another embodiment at least one of the first and 
second waveguide structures 20 and 30 are implement- 
ed using substituted derivatives of the vinylic monomers 
discussed above. In another embodiment, polymers 
prepared by polycondensation are used, such as: poly- 
imines, polycarbonates, polyurethane, polyesters, or 
polyallyldiglycol-carbonate (CR-39). In another embod- 
iment, at least one of the first and second waveguide 
structures 20 and 30 are implemented using polymers 
made from monomers, which polymerize and/or cross- 
link by ring opening, such as epoxies or lactones. In yet 
another embodiment, at least one of the first and second 
waveguide structures 20 and 30 are implemented using 
sol-gel hybrid materials. If the switch is used in the near 
IR region of the spectrum, it is advantageous to fabricate 
either or both of waveguide structures 20 and 30 from 
a polymer material having a low yield of hydrogen. Re- 
placing hydrogen with deuterium, or halogens, such as 
fluorine or chlorine produces a polymer having a low 
yield of hydrogen. Again, one of ordinary skill in the art 
will recognize that any suitable waveguide material can 
be used to implement the first waveguide 20 and second 
waveguide 30, as long as the materials have different 
dn/dT coefficients. Note that the first and second 
waveguides 20 and 30 do not have to be made of the 
same material. For example, one could be made of a 
polymer and the other could be sol-gel. 
[0032] As also depicted in FIG.5C, a coupling region 
40 or a splitting region 42, depending on the embodi- 
ment of device 10, is formed between the first 
waveguide structure 20 and the second waveguide 
structure 30. In the first embodiment, as depicted in FIG. 
1, coupling region 40 is disposed where waveguides 20 
and 30 are close enough to allow the evanescent field 
of the mode propagating in the second waveguide 30 to 
enter the first waveguide 20. In the second embodiment 
as shown in FIG. 2, the splitting region 42 is formed 
where the second waveguide 30 is connected to a mid- 
dle region 24 of first waveguide 20. 
[0033] In FIG. 5D, overclad layer 72 is deposited over 
the waveguide structures 20 and 30. This can be imple- 
mented, for example, by spin coating a suitable overclad 
material over the substrate and the first waveguide 20 
and the second waveguide 30 to form overclad layer 72. 
One of ordinary skill in the art will recognize that the 



overclad layer 72 must be thick enough to ensure a good 
optical isolation of the mode propagating in the 
waveguide. Note that the higher the refractive index dif- 
ference between the core layer and the surrounding lay- 

s ers, the thinner the overclad layer 72 can be. 

[0034] In FIG. 5E, the refractive index-adjusting 
switch element 50 is positioned over the coupling region 
40 on either side of the wafer 60. The refractive index- 
adjusting switch element 50 is implemented by depos- 

10 King a heating electrode over the coupling region 40 on 
first side 62. Refractive index-adjusting switch element 
50 may be of any suitable well-known type, but there is 
shown by way of example, a NiCr metal film formed on 
the over cladding layer. In one embodiment discussed 

15 above, the cooling element 11 2 is deposited on second 
side 64 opposite the refractive index-adjusting switch el- 
ement 50. 

[0035] It will be apparent to those skilled in the art that 
various modifications and variations can be made to the 

20 present invention without departing from the scope of 
the invention as defined by the claims. Thus, it is intend- 
ed that the present invention cover the modifications 
and variations of this invention provided they come with- 
in the scope of the appended claims and their equiva- 

25 lents. 



Claims 

30 1 . a thermo-optical device for switching a light signal, 
said optical device including a substrate (66) having 
a first side (62) and a second side (64), said optical 
device comprising: 

35 a first waveguide (20) for propagating the light 

signal, said first waveguide disposed on the 
first side of the substrate and characterized by 
a first refractive index, a middle portion (24), 
and a first dn/dT coefficient; 
40 a second waveguide (30) for propagating the 

light signal, said second waveguide disposed 
on the first side (62) of the substrate and char- 
acterized by a second refractive index and a 
second dn/dT coefficient different from said first 
45 dn/dT coefficient; 

an index-adjusting switch element (50) dis- 
posed on the first side of the substrate proxi- 
mate to said first waveguide and said second 
waveguide, wherein said index-adjusting 
so switch element controls a proportion of the light 

signal switched between said first waveguide 
and said second waveguide by adjusting said 
first and second refractive indexes. 

55 2. The optical device according to claim 1, further 
comprising: 

a coupling region (40) disposed between the 
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first waveguide and the second waveguide, 
wherein the proportion of the light signal 
switched between the first waveguide and the 
second waveguide is switched by coupling the 
light signal propagating in the first waveguide 
into the second waveguide. 

3. The optical device according to claim 1, further 
comprising: 

a splitting region (42) formed by connecting the 
second waveguide to the middle portion to form 
a Y-splitter, wherein the proportion of the light 
signal switched between the first waveguide 
and the second waveguide is switched by di- 
recting the light signal propagating in the first 
waveguide into the second waveguide. 

4. The optical device according to claim 1 , wherein the 
proportion of the light signal switched between the 
first waveguide and the second waveguide is a 
maximum when a temperature of the optical device 
is in a predetermined ambient temperature range. 

5. The optical device according to claim 4, wherein the 
index-adjusting switch element comprises a heater 
that increases the temperature of the optical device 
above the predetermined ambient temperature 
range when in an active state. 

6. The optica! device according to claim 5, wherein the 
proportion of the light signal coupled between the 
first waveguide and the second waveguide de- 
creases when the heater is in the active state. 

7. The optical device according to claim 5, wherein the 
first dn/dT coefficient has a positive value and the 
second dn/dT coefficient has a negative value. 

8. The optical device according to claim 7, wherein the 
first refractive index increases and the second re- 
fractive index decreases when the heater is in the 
active state. 

9. The optical device according to claim 5, the first dn/ 
dT coefficient has a positive value and the second 
dn/dT coefficient has a positive value. 

10. The optical device according to claim 9, wherein the 
first refractive index increases and the second re- 
fractive index increases when the heater is in the 
active state. 

11. The optical device according to claim 5, the first dn/ 
dT coefficient has a negative value and the second 
dn/dT coefficient has a negative value. 

12. The optical device according to claim 11, wherein 



the first refractive index decreases and the second 
refractive index decreases when the heater is in the 
active state. 

5 13. The optical device according to claim 5, wherein the 
first dn/dT coefficient has the same sign as the sec- 
ond dn/dT coefficient. 

1 4. The optical device according to claim 1 further com- 
io prising: 

a temperature controller (110, 112) disposed 
proximate the substrate for maintaining the op- 
tical device in a predetermined temperature 
15 range. 

15. The optical device according to claim 14, wherein 
the temperature controller is a cooling device (112). 

20 16. The optical device according to claim 15, wherein 
the cooling device is a Peltier effect element dis- 
posed on the second side of the substrate. 

17. The optical device according to claim 1 , wherein the 
25 first waveguide or second waveguide or both are 

fabricated from a silica glass material. 

1 8. The optical device according to claim 1 , wherein the 
first waveguide or second waveguide or both are 

30 fabricated from a polymer or copolymer material. 

1 9. The optical device according to claim 1 , wherein the 
first waveguide or second waveguide or both are 
fabricated from a polymer or copolymer material 

35 prepared with a substance or substances selected 
from the group consisting of vinylic monomers. 

20. The optical device according to claim 1 , wherein the 
first waveguide or second waveguide or both are 
fabricated from a polymer or copolymer material 
prepared with a substance or substances selected 
from the group consisting of: 

acrylates, methacrylates, acrylamides, sty- 
45 rene, acrylonitrile, or butadiene. 

21 . The optical device according to claim 1 , wherein the 
first waveguide or second waveguide or both are 
fabricated from a polymer or copolymer material se- 

50 lected from the group consisting of: 

PMMA, PS, SAN, TPA, or ABS, and their deriv- 
atives. 

55 22. The optical device according to claim 1 , wherein the 
first waveguide or second waveguide or both are 
fabricated from a polymer prepared by polyconden- 
sation, said polymer selected from the group con- 
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sisting of 

polyimines, polycarbonates, polyurethane, pol- 
yesters, or polyallyldigtycol-carbonate (CR- 
39). 

23. The optical device according to claim 1 , wherein the 
first waveguide or second waveguide or both are 
fabricated from a substance or substances that po- 
lymerize or cross-link by ring opening, or polymer- 
ize and cross-link by ring opening. 

24. The optical device according to claim 23, wherein 
the substance or substances includes epoxy or lac- 
tone. 

25. The optical device according to claim 1 , wherein the 
first waveguide or second waveguide or both are 
fabricated from a sol-gel hybrid material. 

26. The optical device according to claim 1 , wherein the 
first waveguide or second waveguide or both are 
fabricated from an organic material. 

27. The optical device according to claim 1 , wherein the 
first waveguide or second waveguide or both are 
fabricated from a polymer having a low yield of hy- 
drogen. 

28. A method for thermo-optically switching a light sig- 
nal through an optical device, said optical device in- 
cluding a substrate (66), a first waveguide (20) dis- 
posed on a first side (62) of said substrate, said first 
waveguide having a middle portion (24) and a first 
refractive index and a first dn/dT coefficient, said 
method for directing a light signal (P in ) comprising 
the steps of: 

providing a second waveguide (30) on the first 
side (62) of the substrate, wherein said second 
waveguide has a second refractive index and 
a second dn/dT coefficient, different from said 
first dn/dT coefficient; and, 
thermally adjusting the first refractive index and 
said second refractive index to switch a propor- 
tion of the light signal between the first 
waveguide and said second waveguide. 

29. The method according to claim 28, wherein the step 
of providing the second waveguide further compris- 
es: 

forming a coupling region (40) by disposing the 
second waveguide on the first side adjacent to 
the first waveguide. 

30. The method according to claim 28, wherein the step 
of providing the second waveguide further compris- 



es: 

forming a splitting region (42) by connecting the 
second waveguide to the middle portion. 

5 

31 . The method according to claim 28, wherein the pro- 
portion of the light signal switched between the first 
waveguide and the second waveguide is a maxi- 
mum when a temperature of the first and second 

10 waveguides is in a first predetermined temperature 
range. 

32. The method according to claim 31 , wherein the step 
of adjusting includes heating the first waveguide 

'5 and the second waveguide. 

33. The method according to claim 32, wherein the pro- 
portion of the light signal switched decreases when 
the temperature of the first waveguide and the sec- 

20 ond waveguide is increased. 

34. A method of making a thermo-optical device for di- 
recting a light signal, said method comprising the 
steps of: 

25 

forming a substrate (66); 
forming a first waveguide (20) structure on a 
first side (62) of said substrate, wherein said 
first waveguide structure has a middle portion 
30 (24) and is characterized by a first refractive 

index and a first dn/dT coefficient; 
forming a second waveguide (30) structure on 
said first side of said substrate, wherein said 
second waveguide structure is characterized 
35 by a second refractive index and a second dn/ 

dT coefficient, different from said first dn/dT co- 
efficient; and, 

disposing an index-adjusting switch element 
(50) on said middle portion for controlling the 
40 temperature thereof. 

35. The method according to claim 34, wherein the step 
of forming a second waveguide structure includes 
disposing the second waveguide on the substrate 

45 adjacent and proximate to first waveguide at the 
middle portion to form a coupling region (40). 

36. The method according to claim 34, wherein the step 
of forming a second waveguide structure includes 

so connecting the second waveguide to the middle re- 
gion to form a splitting region (42). 

37. The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
cs cated from a silica glass material. 

38. The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
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cated from a polymer or copolymer material. 

39. The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
cated from a polymer or copolymer material pre- 
pared with a substance or substances selected 
from the group consisting of vinylic monomers. 

40. The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
cated from a polymer or copolymer material pre- 
pared with a substance or substances selected 
from the group consisting of: 

acrylates, methacrylates, acrylamides, sty- 
rene, acrylonitrile, or butadiene. 

41 . The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
cated from a polymer or copolymer derivative ma- 
terial, or a vinylic monomer, selected from the group 
consisting of: 

PMMA, PS, SAN, TPA, or ABS. 

42. The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
cated from a substance or substances that polym- 
erize or cross-link by ring opening, or polymerize 
and cross-link by ring opening. 

43. The method according to claim 42, wherein the sub- 
stance or substances includes epoxy or lactone. 

44. The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
cated from a polymer prepared by polycondensa- 
tion, said polymer selected from the group consist- 
ing of: 

polyimines, polycarbonates, polyurethane, pol- 
yesters, or polyallyldiglycol-carbonate (CR- 
39). 

45. The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
cated from a sol-gel hybrid material. 

46. The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
cated from an organic material. 

47. The method according to claim 34, wherein the first 
waveguide or second waveguide or both are fabri- 
cated from a polymer with a low yield of hydrogen. 

48. The method according to claim 34, wherein the 
steps of forming the first waveguide and forming the 



second waveguide are carried out using photolith- 
ographic techniques. 

49. The method according to claim 34, wherein the 
5 steps of forming the first waveguide and forming the 

second waveguide are carried out using UV beam 
illumination techniques. 

50. The method according to claim 34, wherein the 
w steps of forming the first waveguide and forming the 

second waveguide are carried out using ion implan- 
tation techniques. 

51. The method according to claim 34, wherein the 
'5 steps of forming the first waveguide and forming the 

second waveguide are carried out using e-beam il- 
lumination techniques. 



20 Patentanspruche 

1. Thermooptische Vorrichtung zum Schalten eines 
Lichtsignats, wobei die optische Vorrichtung ein 
Substrat (66) beinhaltet, welches eine erste Seite 

25 (62) und eine zweite Seite (64) besitzt, wobei die 
optische Vorrichtung aufweist: 

einen ersten Wellenleiter (20) fur das Ausbrei- 
ten des Lichtsignals, wobei der erste Wellenlei- 

30 ter auf der ersten Seite des Substrats angeord- 

net ist und durch einen ersten Brechungsindex, 
einen mittleren Bereich (24) und einen ersten 
dn/dT-Koeffizienten gekennzeichnet ist; 
einen zweiten Wellenleiter (30) fur das Ausbrei- 

35 ten des Lichtsignals, wobei der zweite Wellen- 

leiter auf der ersten Seite (62) des Substrats 
angeordnet ist und durch einen zweiten Bre- 
chungsindex und einen zweiten dn/dT-Koeffizi- 
enten, welcher von dem ersten dn/dT-Koeffizi- 

40 enten verschieden ist, gekennzeichnet ist; 

ein Schaltelement (50) zum Index-Justieren 
bzw. Abgleichen, welches auf der ersten Seite 
des Substrates nahe dem ersten Wellenleiter 
und dem zweiten Wellenleiter angeordnet ist, 

45 wobei das Schaltelement fur das Index-Abglei- 

chen einen Anteil des Lichtsignals steuert, wel- 
ches zwischen dem ersten Wellenleiter und 
dem zweiten Wellenleiter durch Abgleichen der 
ersten und zweiten Brechungsindizes geschal- 

50 tet wird. 

2. Optische Vorrichtung nach Anspruch 1 , welche fer- 
ner aufweist: 

55 einen Koppelbereich (40), welcher zwischen 

dem ersten Wellenleiter und dem zweiten Wel- 
lenleiter angeordnet ist, wobei der Anteil des 
Lichtsignals, welcher zwischen dem ersten 
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Wellenleiter und dem zweiten Wellenleiter ge- 
schaltet wird, durch Koppeln des Lichtsignals, 
welches sich in dem ersten Wellenleiter aus- 
breitet, in den zweiten Wellenleiter geschaltet 
wird. 5 

3. Optische Vorrichtung nach Anspruch 1 , welche fer- 
ner aufweist: 

einen Bereich (42) zum Aufteilen, welcher 10 
durch Verbinden des zweiten Wellenleiters mit 
dem mittleren Bereich gebildet wird, um einen 
Y-Teiler zu bilden, wobei der Anteil des Lichtsi- 
gnales, welcher zwischen dem ersten Wellen- 
leiter und dem zweiten Wellenleiter geschaltet 15 
wird, durch Fiihren des Lichtsignals, welches 
sich in dem ersten Wellenleiter ausbreitet, in 
den zweiten Wellenleiter geschaltet wird. 

4. Optische Vorrichtung nach Anspruch 1 , wobei der 20 
Anteil des Lichtsignals, welches zwischen dem er- 
sten Wellenleiter und dem zweiten Wellenleiter ge- 
schaltet wird, ein Maximum ist, wenn eine Tempe- 
ratur der optischen Vorrichtung in einem vorher 
festgelegten Umgebungstemperaturbereich ist. 25 

5. Optische Vorrichtung nach Anspruch 4, wobei das 
Schaltelement fur das Index-Abgleichen ein Heiz- 
gerat aufweist, welches die Temperatur der opti- 
schen Vorrichtung uber den vorher festgelegten 30 
Umgebungstemperaturbereich erhoht, wenn es in 
einem aktiven Zustand ist. 

6. Optische Vorrichtung nach Anspruch 5, wobei der 
Anteil des Lichtsignals, welches zwischen dem er- 55 
sten Wellenleiter und dem zweiten Wellenleiter ge- 
koppelt ist, abnimmt, wenn das Heizgerat im akti- 
ven Zustand ist. 

7. Optische Vorrichtung nach Anspruch 5, wobei der 40 
erste dn/dT-Koeffizient einen positiven Wert besitzt 
und der zweite dn/dT-Koeffizient einen negativen 
Wert besitzt. 

8. Optische Vorrichtung nach Anspruch 7, wobei der 45 
erste Brechungsindex sich erhoht und der zweite 
Brechungsindex abnimmt, wenn das Heizgerat im 
aktiven Zustand ist. 

9. Optische Vorrichtung nach Anspruch 5, wobei der so 
erste dn/dT-Koeffizient einen positiven Wert besitzt 
und der zweite dn/dT-Koeffizient einen positiven 
Wert besitzt. 

10. Optische Vorrichtung nach Anspruch 9, wobei der 55 
erste Brechungsindex sich erhoht und der zweite 
Brechungsindex sich erhoht, wenn das Heizgerat 

im aktiven Zustand ist. 



11. Optische Vorrichtung nach Anspruch 5, wobei der 
erste dn/dT-Koeffizient einen negativen Wert be- 
sitzt und der zweite dn/dT-Koeffizient einen negati- 
ven Wert besitzt. 

12. Optische Vorrichtung nach Anspruch 11 , wobei der 
erste Brechungsindex abnimmt und der zweite Bre- 
chungsindex abnimmt, wenn das Heizgerat im ak- 
tiven Zustand ist. 

13. Optische Vorrichtung nach Anspruch 5, wobei der 
erste dn/dT-Koeffizient das gleiche Vorzeichen wie 
der zweite dn/dT-Koeffizient besitzt. 

14. Optische Vorrichtung nach Anspruch 1, welche fer- 
ner aufweist: 

ein Temperatursteuergerat (110, 112), welches 
nahe dem Substrat angebracht ist, um die op- 
tische Vorrichtung in einem vorher festgelegten 
Temperaturbereich zu halten. 

1 5. Optische Vorrichtung nach Anspruch 1 4, wobei das 
Temperatursteuergerat eine Kuhlvorrichtung (112) 
ist. 

16. Optische Vorrichtung nach Anspruch 15, wobei die 
Kuhlvorrichtung ein Peltier-Effekt-Element ist, wel- 
ches auf der zweiten Seite des Substrates angeord- 
net ist. 

17. Optische Vorrichtung nach Anspruch 1, wobei der 
erste Wellenleiter oder zweite Wellenleiter oder bei- 
de aus einem Siliciumglasmateria! hergestellt sind. 

18. Optische Vorrichtung nach Anspruch 1, wobei der 
erste Wellenleiter oder zweite Wellenleiter oder bei- 
de aus einem Polymer- oder Copolymermaterial 
hergestellt sind. 

19. Optische Vorrichtung nach Anspruch 1, wobei der 
erste Wellenleiter oder zweite Wellenleiter oder bet- 
de aus einem Polymer- oder Copolymermaterial 
hergestellt sind, welches mit einer Substanz oder 
mit Substanzen prapariert sind, welche aus der 
Gruppe ausgewahlt sind, welche aus Vinylmono- 
meren besteht. 

20. Optische Vorrichtung nach Anspruch 1 , wobei der 
erste Wellenleiter oder zweite Wellenleiter oder bei- 
de aus einem Polymer- oder Copolymermaterial 
hergestellt sind, welches mit einer Substanz oder 
mit Substanzen aufbereitet wurden, welche aus der 
Gruppe ausgewahlt sind, welche aus: 

Acrylaten, Methacrylaten, Acrylamiden, Sty- 
ren, Acrylonitril oder Butadien besteht. 
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21. Optische Vorrichtung nach Anspruch 1, wobei der 
erste Wellenleiter Oder zweite Wellenleiter Oder bei- 
de aus einem Polymer- oder Copolymermaterial 
hergestellt sind, welches aus der Gruppe ausge- 
wahlt ist, welche aus: 5 

PMMA, PS, SAN, TPA oder ABS und deren De- 
rivaten besteht. 

22. Optische Vorrichtung nach Anspruch 1 , wobei der 10 
erste Wellenleiter oder zweite Wellenleiter oder bei- 

de aus einem Polymer hergestellt sind, welches 
durch Polykondensation prapariert wurde, wobei 
das Polymer aus der Gruppe ausgewahlt ist, welche 
aus: 15 

Polyiminen, Polycarbonaten, Polyurethan, Po- 
lyestern oder Polyallyldiglycolcarbonat (CR- 
39) besteht. 

20 

23. Optische Vorrichtung nach Anspruch 1 , wobei der 
erste Wellenleiter oder zweite Wellenleiter oder bei- 
de aus einer Substanz oder aus Substanzen her- 
gestellt sind, welche polymerisieren Oder durch Rin- 
goffnen vernetzen, oder polymerisieren und durch 25 
Ringoffnen vernetzen. 

24. Optische Vorrichtung nach Anspruch 23, wobei die 
Substanz oder die Substanzen Epoxid oder Lacton 
beinhalten. 30 

25. Optische Vorrichtung nach Anspruch 1 , wobei der 
erste Wellenleiter oder zweite Wellenleiter oder bei- 
de aus einem Sol-Gel-Hybrid-Material hergestellt 
sind. 35 

26. Optische Vorrichtung nach Anspruch 1 , wobei der 
erste Wellenleiter oder zweite Wellenleiter oder bei- 
de aus einem organischen Material hergestellt sind. 

40 

27. Optische Vorrichtung nach Anspruch 1, wobei der 
erste Wellenleiter oder zweite Wellenleiter oder bei- 
de aus einem Polymer hergestellt sind, welches ei- 
nen niedrigen Gehalt an Wasserstoff besitzt. 

45 

28. Verfahren zum thermooptischen Schalten eines 
Lichtsignals mit Hilfe einer optischen Vorrichtung, 
wobei die optische Vorrichtung ein Substrat (66), ei- 
nen ersten Wellenleiter (20) beinhaltet, welcher auf 
einer ersten Seite (62) des Substrats angeordnet so 
ist, wobei der erste Wellenleiter einen mittleren Be- 
reich (24) und einen ersten Brechungsindex und ei- 
nen ersten dn/dT-Koeffizienten besitzt, wobei das 
Verfahren zum Fuhren eines Lichtsignals (P in ) die 
Schritte beinhaltet: 55 

Liefern eines zweiten Wellenleiters (30) auf der 
ersten Seite (62) des Substrats, wobei der 



20 

zweite Wellenleiter einen zweiten Bre- 
chungsindex und einen zweiten dn/dT-Koeffizi- 
enten besitzt, welcher von dem ersten dn/ 
dT-Koeffizienten verschieden ist; und 
thermisches Abgleichen des ersten Bre- 
chungsindexes und des zweiten Brechungsin- 
dexes, um einen Anteil des Lichtsignals zwi- 
schen dem ersten Wellenleiter und dem zwei- 
ten Wellenleiter zu schalten. 

29. Verfahren nach Anspruch 28, wobei der Schritt des 
Lieferns des zweiten Wellenleiters ferner beinhal- 
tet: 

Bilden eines Koppelbereiches (40) durch An- 
ordnen des zweiten Wellenleiters auf der er- 
sten Seite benachbart zum ersten Wellenleiter. 

30. Verfahren nach Anspruch 28, wobei der Schritt des 
Lieferns des zweiten Wellenleiters ferner beinhal- 
tet: 

Bilden eines Bereichs (42) zum Aufteilen durch 
AnschlieGen des zweiten Wellenleiters an den 
mittleren Teil. 

31 . Verfahren nach Anspruch 28, wobei der Anteil des 
Lichtsignales, welcher zwischen dem ersten Wel- 
lenleiter und dem zweiten Wellenleiter geschaltet 
wird, ein Maximum ist, wenn eine Temperatur des 
ersten und zweiten Wellenleiters in einem ersten 
vorher festgelegten Temperaturbereich liegt. 

32. Verfahren nach Anspruch 31 , wobei der Schritt des 
Abgleichens das Erhitzen des ersten Wellenleiters 
und des zweiten Wellenleiters beinhaltet. 

33. Verfahren nach Anspruch 32, wobei der Anteil des 
Lichtsignales, welches geschaltet wird, abnimmt, 
wenn die Temperatur des ersten Wellenleiters und 
des zweiten Wellenleiters erhoht wird. 

34. Verfahren zum Herstellen einer thermooptischen 
Vorrichtung zum Fuhren eines Lichtsignals, wobei 
das Verfahren die Schritte beinhaltet: 

Bilden eines Substrates (66); 
Bilden einer ersten Wellenleiter-(20)-Struktur 
auf der ersten Seite (62) des Substrates, wobei 
die erste Wellenleiterstruktur einen mittleren 
Bereich (24) besitzt und durch einen ersten 
Brechungsindex und einen ersten dn/dT-Koeffi- 
zienten gekennzeichnet ist; 
Bilden einer zweiten Wellenleiter-(30)-Struktur 
auf der ersten Seite des Substrates, wobei die 
zweite Wellenleiterstruktur durch einen zweiten 
Brechungsindex und einen zweiten dn/dT-Koef- 
fizienten gekennzeichnet ist, welcher unter- 
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schiedlich von dem ersten dn/dT-Koeffizienten 
ist; und 

Anordnen eines Schaltelements (50) zum In- 
dex-Abgleichen auf dem mittleren Bereich, 
zum Steuern der Temperatur desselben. 

35. Verfahren nach Anspruch 34, wobei der Schritt des 
Bildens einer zweiten Wellenleiterstruktur das An- 
ordnen des zweiten Wellenleiters auf dem Substrat 
benachbart und unmittelbar neben dem ersten Wel- 
lenleiter an dem mittleren Bereich beinhaltet, um ei- 
nen Koppelbereich (40) zu bilden. 

36. Verfahren nach Anspruch 34, wobei der Schritt des 
Bildens einer zweiten Wellenleiterstruktur das An- 
schlieBen des zweiten Wellenleiters an den mittle- 
ren Bereich beinhaltet, um einen Bereich (42) zum 
Aufteilen zu bilden. 

37. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter Oder zweite Wellenleiter oder beide aus ei- 
nem Siliciumglasmaterial hergestellt werden. 

38. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter oder zweite Wellenleiter oder beide aus ei- 
nem Polymer- oder Copolymermaterial hergestellt 
werden. 

39. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter oder zweite Wellenleiter oder beide aus ei- 
nem Polymer- oder Copolymermaterial hergestellt 
sind, welches mit einer Substanz oder mit Substan- 
zen prapariert ist, weiche aus der Gruppe ausge- 
wahlt sind, weiche aus Vinylmonomeren besteht. 

40. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter oder zweite Wellenleiter oder beide aus ei- 
nem Polymer- oder Copolymermaterial hergestellt 
werden, weiche mit einer Substanz Oder mit Sub- 
stanzen prapariert sind, weiche aus der Gruppe 
ausgewahlt sind, weiche aus: 

Acrylaten, Methacrylaten, Acrylamiden, Sty- 
ren, Acrylonitril oder Butadien besteht. 

41. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter oder zweite Wellenleiter oder beide aus ei- 
nem von Polymer oder Copolymer abgeleiteten Ma- 
terial oder einem Vinylmonomer hergestellt werden, 
welches aus der Gruppe ausgewahlt ist, weiche 
aus: 

PMMA, PS, SAN, TPA oder ABS besteht. 

42. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter oder zweite Wellenleiter oder beide aus ei- 
ner Substanz oder aus Substanzen hergestellt wer- 
den, weiche polymerisieren oder durch Ringoffnen 



vernetzen, oder polymerisieren und durch Ringoff- 
nen vernetzen. 

43. Verfahren nach Anspruch 42, wobei die Substanz 
5 oder die Substanzen Epoxid oder Lacton beinhal- 

ten. 

44. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter oder zweite Wellenleiter oder beide aus ei- 

w nem Polymer hergestellt werden, welches durch 
Polykondensation prapariert ist, wobei das Polymer 
aus der Gruppe ausgewahlt ist, weiche aus: 

Polyiminen, Polycarbonaten, Polyurethan, Po- 
15 lyestern oder Polyallyldiglycolcarbonat (CR- 

39) besteht. 

45. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter oder zweite Wellenleiter oder beide aus ei- 

20 nem Sol-Gel-Hybrid-Material hergestellt werden. 

46. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter oder zweite Wellenleiter oder beide aus ei- 
nem organischen Material hergestellt werden. 

25 

47. Verfahren nach Anspruch 34, wobei der erste Wel- 
lenleiter oder zweite Wellenleiter oder beide aus ei- 
nem Polymer mit einem niedrigen Anteil an Was- 
serstoff hergestellt werden. 

30 

48. Verfahren nach Anspruch 34, wobei die Schritte des 
Bildens des ersten Wellenleiters und des Bildens 
des zweiten Wellenleiters durch Benutzen von pho- 
tolithographischen Techniken ausgefuhrt werden. 

35 

49. Verfahren nach Anspruch 34, wobei die Schritte des 
Bildens des ersten Wellenleiters und des Bildens 
des zweiten Wellenleiters durch Benutzen der 
Technik des UV-Strahlbeleuchtens gebildet wer- 

40 den. 

50. Verfahren nach Anspruch 34, wobei die Schritte des 
Bildens des ersten Wellenleiters und des Bildens 
des zweiten Wellenleiters durch Benutzen der lo- 

45 nenimplantationstechnik ausgefuhrt werden. 

51 . Verfahren nach Anspruch 34, wobei die Schritte des 
Bildens des ersten Wellenleiters und des Bildens 
des zweiten Wellenleiters durch Anwenden der 

so Elektronenstrahl-Beleuchtungstechnik ausgefuhrt 
werden. 



Revendications 

55 

1 . Un dispositif thermo-optique destine a commuter un 
signal (umineux, ledit dispositif optique comportant 
un substrat (66) presentant un premier c6te (62) et 
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un deuxieme cote (64), ledit dispositif optique 
comprenant : 

un premier guide d'ondes (20) destine a propa- 
ger le signal lumineux, ledit premier guide d'on- 5 
des etant dispose du premier cote du substrat 
et etant caracterise par un premier indice de 
refraction, une portion moyenne (24) et un pre- 
mier coefficient dn/dT; 

un deuxieme guide d'ondes (30) destine a pro- 10 
pager le signal lumineux, ledit deuxieme guide 
d'ondes etant dispose du premier cote (62) du 
substrat et etant caracterise par un deuxieme 
indice de refraction et un deuxieme coefficient 
dn/dT different dudit premier coefficient dn/dT ; 15 
un element commutateur a ajustement d'indice 
(50) dispose du premier cot6 du substrat au voi- 
sinage immediat dudit premier guide d'ondes 
et dudit deuxieme guide d'ondes, ledit element 
commutateur a ajustement d'indice reglant une 20 
proportion du signal lumineux commutee entre 
ledit premier guide d'ondes et ledit deuxieme 
guide d'ondes par ajustement desdits premier 
et deuxieme indices de refraction. 

25 

Le dispositif optique de la revendication 1 , compre- 
nant en outre : 

une region de couplage (40) disposee entre le 
premier guide d'ondes et le deuxieme guide 30 
d'ondes, la proportion du signal lumineux com- 
mutee entre le premier guide d'ondes et le 
deuxieme guide d'ondes etant commutee par 
couplage dans le deuxieme guide d'ondes du 
signal lumineux se propageant dans le premier 35 
guide d'ondes. 

Le dispositif optique de la revendication 1 , compre- 
nant en outre : 

40 

une region separatrice (42) formee en reliant le 
deuxieme guide d'ondes a la portion moyenne 
pour former un separateur en Y, dans laquelle 
la proportion du signal lumineux commutee en- 
tre le premier guide d'ondes et le deuxieme gui- 45 
de d'ondes est commutee par direction dans le 
deuxieme guide d'ondes du signal lumineux se 
propageant dans le premier guide d'ondes. 

Le dispositif optique de la revendication 1 , dans le- so 
quel la proportion du signal lumineux commutee en- 
tre le premier guide d'ondes et le deuxieme guide 
d'ondes est maximale lorsqu'une temperature du 
dispositif optique se situe dans un domaine de tem- 
peratures ambiantes predetermine. 55 

Le dispositif optique de la revendication 4, dans le- 
quel I'element commutateur a ajustement d'indice 



comprend un element chauffant qui eleve la tempe- 
rature du dispositif optique au-dessus du domaine 
de temperatures ambiantes predetermine lorsqu'il 
est dans un etat actif. 

6. Le dispositif optique de la revendication 5, dans le- 
quel la proportion du signal lumineux qui est cou- 
plee entre le premier guide d'ondes et le deuxieme 
guide d'ondes diminue lorsque I'element chauffant 
est dans I'etat actif. 

7. Le dispositif optique de la revendication 5, dans le- 
quel le premier coefficient dn/dT a une valeur posi- 
tive et le deuxieme coefficient dn/dT a une valeur 
negative. 

8. Le dispositif optique de la revendication 7, dans le- 
que! le premier indice de refraction augmente et le 
deuxieme indice de refraction diminue lorsque I'ele- 
ment chauffant est dans I'etat actif. 

9. Le dispositif optique de la revendication 5, dans le- 
quel le premier coefficient dn/dT a une valeur posi- 
tive et le deuxieme coefficient dn/dT a une valeur 
positive. 

10. Le dispositif optique de la revendication 9, dans le- 
quel le premier indice de refraction augmente et le 
deuxieme indice de refraction augmente lorsque 
I'element chauffant est dans I'etat actif. 

11. Le dispositif optique de la revendication 5, dans le- 
quel le premier coefficient dn/dT a une valeur ne- 
gative et le deuxieme coefficient dn/dT a une valeur 
negative. 

12. Le dispositif optique de la revendication 11, dans 
lequel le premier indice de refraction diminue et le 
deuxieme indice de refraction diminue lorsque I'ele- 
ment chauffant est dans I'etat actif. 

13. Le dispositif optique de la revendication 5, dans le- 
quel le premier coefficient dn/dT a le meme signe 
que le deuxieme coefficient dn/dT 

14. Le dispositif optique de la revendication 1 , compre- 
nant en outre : 

, un regulateur de temperature (110,112) dispo- 
se a proximite immediate du substrat a I'effet 
de maintenir le dispositif optique dans un do- 
maine de temperatures predetermine. 

15. Le dispositif optique de la revendication 14, dans 
lequel le regulateur de temperature est un dispositif 
de refroidissement (112). 

16. Le dispositif optique de la revendication 15, dans 



13 



25 



EP 1 018 665 B1 



26 



lequel le dispositif de refroidissement est un ele- 
ment a effet Peltier dispose du deuxieme cote du 
substrat. 

17. Le dispositif optique de la revendication 1 , dans le- 
quel le premier guide d'ondes et/ou le deuxieme 
guide d'ondes sont formes a partir d'une matiere a 
base de verre de silice. 

18. Le dispositif optique de la revendication 1 , dans le- 
quel le premier guide d'ondes et/ou le deuxieme 
guide d'ondes sont formes a partir d'une matiere a 
base de polymere ou de copolymere. 

19. Le dispositif optique de la revendication 1 , dans le- 
quel le premier guide d'ondes et/ou te deuxieme 
guide d'ondes sont formes a partir d'une matiere a 
base de polymere ou de copolymere preparee avec 
une ou des substances choisies dans le groupe for- 
me par les monomeres vinyliques. 

20. Le dispositif optique de la revendication 1 , dans le- 
quel le premier guide d'ondes et/ou le deuxieme 
guide d'ondes sont formes a partir d'une matiere a 
base de polymere ou de copolymere preparee avec 
une ou des substances choisies dans le groupe for- 
me par les acrylates, les methacrylates, les acryla- 
mides, le styrene, I'acrylonitrile et le butadiene. 

21. Le dispositif optique de la revendication 1 , dans le- 
quel te premier guide d'ondes et/ou le deuxieme 
guide d'ondes sont formes a partir d'une matiere a 
base de polymere ou de copolymere choisie dans 
le groupe forme par le poly(methacrylate de methy- 
le) (PMMA), le polystyrene (PS), les copolymeres 
de styrene-acrylonitrile (SAN), I'acide terephtalique 
(TPA), les resines d'acrylonitrile-butadiene-styrene 
(ABS) et leurs derives. 

22. Le dispositif optique de la revendication 1 , dans le- 
quel le premier guide d'ondes et/ou ie deuxieme 
guide d'ondes sont formes a partir d'un polymere 
prepare par polycondensation, ledit polymere etant 
choisi dans le groupe forme par les polyimines, les 
polycarbonates, le polyurethanne, les polyesters et 
le polycarbonate d'allyldiglycol (CR-39). 

23. Le dispositif optique de la revendication 1 , dans le- 
quel le premier guide d'ondes et/ou le deuxieme 
guide d'ondes sont formes a partir d'une ou plu- 
sieurs substances qui polymerisentou se reticulent 
par ouverture de cycle, ou qui polymerisent et se 
reticulent par ouverture de cycle. 

24. Le dispositif optique de la revendication 23, dans 
lequel la ou les substances comprennent les mate- 
riaux epoxy et les lactones. 



25. Le dispositif optique de la revendication 1 , dans le- 
quel le premier guide d'ondes et/ou le deuxieme 
guide d'ondes sont formes a partir d'une matiere hy- 
bride sol-gel. 

5 

26. Le dispositif optique de la revendication 1 , dans le- 
quel le premier guide d'ondes et/ou le deuxieme 
guide d'ondes sont formes a partir d'une matiere or- 
ganique. 

10 

27. Le dispositif optique de la revendication 1 , dans le- 
quel le premier guide d'ondes et/ou le deuxieme 
guide d'ondes sont formes a partir d'un polymere a 
faible teneur en hydrogene. 

15 

28. Un procede pour commuter thermo-optiquement un 
signal lumineux a travers un dispositif optique, ledit 
dispositif optique comportant un substrat (66), un 
premier guide d'ondes (20) dispose d'un premier 

20 cote (62) dudit substrat, ledit premier guide d'ondes 
comportant une portion moyenne (24) et un premier 
indice de refraction et un premier coefficient dn/dT, 
ledit procede pour diriger un signal lumineux (P in ) 
comprenant les operations consistant : 

25 

a etablir un deuxieme guide d'ondes (30) sur le 
premier cote (62) du substrat, ledit deuxieme 
guide d'ondes ayant un deuxieme indice de re- 
fraction et un deuxieme coefficient dn/dT, diffe- 

30 rent dudit premier coefficient dn/dT ; et 

a ajuster thermiquement le premier indice de 
refraction et ledit deuxieme indice de refraction 
pour commuter une proportion du signal lumi- 
neux entre le premier guide d'ondes et ledit 

35 deuxieme guide d'ondes. 

29. Le procede de la revendication 28, dans lequel 
I'operation d'etablissement du deuxieme guide 
d'ondes comprend en outre : 

40 

la formation d'une region de couplage (40) par 
disposition du deuxieme guide d'ondes du pre- 
mier cote a proximite immediate du premier gui- 
de d'ondes. 

45 

30. Le procede de la revendication 28, dans lequel 
I'operation d'etablissement du deuxieme guide 
d'ondes comprend en outre : 

so la formation d'une region separatrice (42) par 

raccordement du deuxieme guide d'ondes a la 
portion moyenne. 

31 . Le procede de la revendication 28, dans lequel la 
55 proportion du signal lumineux commutee entre le 

premier guide d'ondes et le deuxieme guide d'on- 
des est maximale lorsqu'une temperature des pre- 
mier et deuxieme guides d'ondes se situe dans un 
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premier domaine de temperatures predetermine. 

32. Le procede de la revendication 31, dans lequel 
I'operation d'ajustement comprend un chauffage du 
premier guide d'ondes et du deuxieme guide d'on- 
des. 

33. Le procede de la revendication 32, dans lequel la 
proportion commutee du signal lumineux diminue 
lorsque la temperature du premier guide d'ondes et 
du deuxieme guide d'ondes est augmentee. 

34. Un procede de realisation d'un dispositif thermo-op- 
tique destine a diriger un signal lumineux, ledit pro- 
cede comprenant les operations consistant : 

a former un substrat (66) ; 
a former une premiere structure de guide d'on- 
des (20) d'un premier cote (62) dudit substrat, 
ladite premiere structure de guide d'ondes 
comportant une portion moyenne (24) et etant 
caracterisee par un premier indice de refrac- 
tion et un premier coefficient dn/dT; 
a former une deuxieme structure de guide d'on- 
des (30) sur ledit premier cote dudit substrat, 
ladite deuxieme structure de guide d'ondes 
etant caracterisee par un deuxieme indice de 
refraction et un deuxieme coefficient dn/dT, dif- 
ferent dudit premier coefficient dn/dT ; et 
a disposer un element commutateur a ajuste- 
ment d'indice (50) sur ladite portion moyenne a 
I'effet d'en regler la temperature. 

35. Le procede de la revendication 34, dans lequel 
I'operation de formation d'une deuxieme structure 
de guide d'ondes comprend la disposition du 
deuxieme guide d'ondes sur le substrat a proximite 
immediate du premier guide d'ondes au niveau de 
la portion moyenne pour former une region de cou- 
plage (40). 

36. Le procede de la revendication 34, dans lequel 
I'operation de formation d'une deuxieme structure 
de guide d'ondes comprend le raccordement du 
deuxieme guide d'ondes a la region moyenne pour 
former une region separatrice (42). 

37. Le procede de la revendication 34, dans lequel le 
premier guide d'ondes et/ou le deuxieme guide 
d'ondes sont formes a partir d'une matiere a base 
de verre de silice. 

38. Le procede de la revendication 34, dans lequel le 
premier guide d'ondes et/ou le deuxieme guide 
d'ondes sont formes a partir d'une matiere a base 
de polymere ou de copolymere. 

39. Le procede de la revendication 34, dans lequel le 



premier guide d'ondes et/ou le deuxieme guide 
d'ondes sont formes a partir d'une matiere a base 
de polymere ou de copolymere preparee avec une 
ou des substances choisies dans (e groupe forme 
5 par les monomeres vinyliques. 

40. Le procede de la revendication 34, dans lequel le 
premier guide d'ondes et/ou le deuxieme guide 
d'ondes sont formes a partir d'une matiere a base 
10 de polymere ou de copolymere preparee avec une 
ou des substances choisies dans le groupe forme 
par les acrylates, les methacrylates, les acrytami- 
des, le styrene, I'acrylonitrile et le butadiene. 

is 41. Le procede de la revendication 34, dans lequel le 
premier guide d'ondes et/ou le deuxieme guide 
d'ondes sont form6s a partir d'une matiere derivant 
d'un polymere ou d'un copolymere, ou d'un mono- 
mere vinylique, choisi dans le groupe forme par le 
20 poly(meth aery late de methyle) (PMMA), le polysty- 
rene (PS), les copolymeres de styrene-acrylonitrile 
(SAN), I'acide terephtalique (TPA) et les resines 
d'acrylonitrile-butadiene-styrene (ABS). 

25 42. Le procede de la revendication 34, dans lequel le 
premier guide d'ondes et/ou le deuxieme guide 
d'ondes sont formes a partir d'une ou plusieurs 
substances qui polymerisent ou se reticulent par 
ouverture de cycle, ou qui polymerisent et se reti- 
re culent par ouverture de cycle. 

43. Le procede de la revendication 42, dans lequel la 
ou les substances comprennent les materiaux 
epoxy et les lactones. 

35 

44. Le procede de la revendication 34, dans lequel le 
premier guide d'ondes et/ou le deuxieme guide 
d'ondes sont formes a partir d'un polymere prepare 
par polycondensation, ledit polymere etant choisi 

40 dans le groupe forme par les polyimines, les poly- 
carbonates, le polyurethanne, les polyesters et le 
polycarbonate d'allyldiglycol (CR-39). 

45. Le procede de la revendication 34, dans lequel le 
premier guide d'ondes et/ou le deuxieme guide 
d'ondes sont formes a partir d'une matiere hybride 
sol-gel. 

46. Le procede de la revendication 34, dans lequel le 
so premier guide d'ondes et/ou le deuxieme guide 

d'ondes sont formes a partir d'une matiere organi- 
que. 

47. Le procede de la revendication 34, dans lequel le 
55 premier guide d'ondes et/ou le deuxieme guide 

d'ondes sont formes a partir d'une polymere a faible 
teneur en hydrogene. 
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48. Le procede de la revendication 34, dans tequel les 
operations de formation du premier guide d'ondes 
et de formation du deuxieme guide d'ondes sont 
executees en utilisant des techniques photolitho- 
graphiques. 5 

49. Le procede de la revendication 34, dans lequel les 
operations de formation du premier guide d'ondes 
et de formation du deuxieme guide d'ondes sont 
executees en utilisant des techniques d'illumination '0 
par fatsceau ultraviolet. 

50. Le procede de la revendication 34, dans lequel les 
operations de formation du premier guide d'ondes 

et de formation du deuxieme guide d'ondes sont *5 
executees en utilisant des techniques d'implanta- 
tion ionique. 

51. Le procede de la revendication 34, dans lequel les 
operations de formation du premier guide d'ondes 20 
et de formation du deuxieme guide d'ondes sont 
executees en utilisant des techniques d'ilJumination 
par faisceau d'etectrons. 

25 
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